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Abstract

QWGRAF is a collection of interactive programs with a common interface that provides
statistical and graphical tools for management, review, analysis, quality assurance, and
presentation of water-quality data. The software is written in ANSI Fortran and C and is
designed for portability to UNIX workstations and personal computers. The programs
that make up QWGRAF provide (1) Box and Whisker plots (boxplt); (2) probability plots
(prbplt); (3) frequency plots (frqplt); (4) graphical means of performing the Lilliefors test
for normality (lilifr); (5) Piper diagrams (piper); (6) Durov plots (durov); (7) Stiff
diagrams (stiff); (8) boundary outline maps of the United States and its territories with
quantitative representation of data on an areal or site specific basis (mapping); and

(9) data-management capability for modifying data sets (datmgr). QWGRAF programs
read and operate on files formatted in RDB. The programs also read and convert to RDB
format other data formats, such as flat files, Fortran formatted files, PSTAT files, and
U.S. Geological Survey National Water Information System 1 and * cards and QWDATA
FLATOUT files. Flat files and Fortran formatted files can be accompanied by a file that
defines the variable names, data types, variable descriptions, column delineation, and
algorithms for calculating new variables. Censored data (data remarked with "less than"
codes) and missing values are accommodated.

This document is a user’s guide for QWGRAF programs.

Overview

QWGRAEFF is a group of selected graphics and data-management procedures for the
management, review, analysis, quality assurance, and presentation of water-quality data.
Input data can come in a variety of formats, which are converted automatically to the
RDB format used internally by the programs. QWGRAF programs share a common user
interface and many functional features to facilitate the learning curve (table 1).

Each program has a robust list of options (specifications) available for uniquely config-
uring a plot. Values for program options, once entered or selected by the user, are retained
throughout each program session but can be changed at any time. This provides for rapid
multiple scenario runs during a given session. Complex configuration scenarios can be
saved in "Specifications" files, which can be read into the program in subsequent
QWGRAF sessions, thus saving time in setting up similar program runs.

QWGRAF offers an extensive data-management capability, which includes the use of
filters to convert other data formats to the RDB data formatting system used by
QWGRAF programs. No special action is required of the user, other than appending the
file name with an appropriate three-character extension, in order for a QWGRAF
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program to read one of the other formats. The program automatically invokes the filter
associated with the file-name extension.

The data-management program "datmgr" provides an interactive interface to many
commonly used data manipulation functions, which are normally accessed from the
command line by using the complex syntax of a scripting language. The program
provides functions for such operations as Boolean expressions for filtering data rows;
selecting and ordering variables; creating new variables; sorting; grouping and aggregat-
ing rows of data; relational joins to other data sets; and concatenation of data sets. Script
files, which contain instructions for processing primary input and intermediate files, can
be created and used as input files to any QWGRAF program. Censored data (data
remarked with "less than" codes) and missing values are accommodated.

Table 1 provides a brief description of the purpose and capability of each of the programs

currently in QWGRAF.
Table 1. QWGRAF programs
Program .
name Description
boxplt Skeletal box and whisker diagrams (box plots). Options available for Quartiles or

Fourths Box boundaries, and Tukey, Min-Max, or 10-90 Percentile Whisker placement.
Special options for using censored data. Data partitioning by groups. Arithmetic and
logarithmic y-axes scales.

prbplt Probability curves for up to six variables against one of the following probability
distribution functions: plotting position, quantile deviates, exceedance and
nonexceedance cumulative probability percentiles, and recurrence interval. Multiple
arithmetic or logarithmic y-axes scales.

frqplt Frequency, relative frequency, cumulative frequency, cumulative relative frequency
distributions, and the empirical distribution function (EDF).
lilifr Graphical means to perform the Lilliefors test for sample normality. The procedure

compares a standard normal distribution function with the empirical distribution
function of the sample. Cumulative relative frequency is plotted on the Y-axis and the
normalized sample values on the X-axis. Confidence level bounds are used to indicate
if the data are normal.

piper Trilinear and quadlinear Piper hydrochemical facies diagrams used to characterize or
compare the chemical character of water bodies. User-defined nodes, including
composite nodes. Partitioning of data with symbols within diagrams. Multiple diagrams
on a page where each diagram represents a different set of variables or each diagram
represents a partitioned group of values of a single set of variables. Binary and ternary
mixing diagrams. Shaded density diagrams.

durov Durov diagrams - hydrochemical facies diagrams similar to quadlinear Piper diagrams
where the intersection of points from two Piper triangles are projected to one or two
additional variables in adjacent scaled rectangles.

stiff Stiff diagrams for comparing water type based on user-defined cation-anion pairs. User-
defined nodes, including composite nodes. Multiple diagrams on a page representing
either a unique set of variables for each diagram or a diagram for each subgroup of a
single set of variables based on composite values of up to feur partitioning variables.

mapping Outline maps of the United States, individual States, counties, and hydrologic unit
boundaries with multiple overlay capability, including river reaches. Data is grouped
into intervals and mapped to point locations or the data can be aggregated and
represented as shaded areas. Extensive station labeling capability.

datmgr Provides interactive capability to modify the data in an input data file. Functions include
sorting, creating new variables, aggregating rows, filtering selected rows, selecting and
reordering columns, joining and concatenating files, transforming rows to columns and
columns to rows, and computing of percentiles. Also provides for concatenating a series
of operations in a script that can be used as the input file to QWGRAF programs.
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Data Panel

There are four types of data panels—menu, form, table, and text. Menus offer a choice of
two or more options. A form or table allows data values to be entered or modified in one
or more data fields. General or specific information, program progress, messages, and
results of analyses may be displayed in a text data panel. The data panel appears at the
top of the screen, as shown in figure 1. There are 16 rows in the data panel when the assis-
tance panel is closed and 10 rows when the assistance panel is open.

A single option is selected from a menu that consists of two or more options. There are
two ways to select a menu option. Either press the first letter (not case sensitive) of the
menu option (if more than one menu option begins with the same letter, then press in
sequence enough characters to uniquely identify the option) or use the arrow keys to
move the cursor to the option and then execute Accept (F2).

Forms may contain any number and combination of character, numeric, file-name, or
option fields. Character fields may be a variable entry, such as a descriptive text string
(case sensitive), or they may require a specific entry, such as "yes" or "no" (not case sensi-
tive). The text string "none" in a field indicates that the field is currently undefined.
Option fields are activated and deactivated by positioning the cursor in the option field
and pressing any key, such as the space bar. Use arrow keys to move up, down, and later-
ally among fields. The Enter (Return) key is used to move forward through fields. Use
Accept (F2) to accept the entered and modified data and continue with the program. The
use of Oops (;0) sets all fields in the current screen to their initial values. The use of Prev
(F4) will cause the data values entered on the current screen to be ignored and the previ-
ous screen to be displayed again.

Tables may contain any number and combination of character, numeric, and file-name
columns. As with forms, character fields may require a specific entry or a variable entry.
Use arrow keys to move up, down, and laterally among fields. The Enter (Return) key is
used to move forward across rows and to the next row. Some tables may contain more
rows than can be displayed in the 10 or 16 rows of the data panel. In these cases, the table
is divided into multiple screens. Use Accept (F2) to move forward through each of the
screens for the table and to continue with the program after the last screen of the table.
The use of Oops (;0) sets all fields in the current screen to their initial values. The use of
Prev (F4) will cause the data values entered on the current screen to be ignored and the
previous screen to be displayed again. The use of Intrpt (F6) will cause the data values
entered on the current screen to be ignored and the remaining screens in the table to be
skipped. Use Quiet (F8) to close the assistance panel and view the 16 lines of the data
panel.

A text data panel may contain a warning or error message, a tabular list of data, a progress
message for an activity that may take more than a few seconds, or other general informa-
tion. Use Accept (F2) to continue to the next screen. In cases where the displayed text
requires more lines than the number available in the data panel, the Prev (F4), Dnpg (;d),
and Uppg (;u) commands may be available to move forward and backward (scroll)
through the screens. Note that the up and down arrows also may be used to move through
the screens. Intrpt (F6) may be available to permit skipping the remaining screens of text.

How QWGRAF Works 5
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Assistance Panel

The assistance panel provides information to help the user enter data in the data panel or to
allow note taking during a program session. The panel appears in the middle of the screen
below the data panel. A name corresponding to the type of assistance being provided is
displayed in the upper left corner of the panel, where the words "assistance type” appear in
figure 1. The Help (F1), Limits (F5), Status (F7), Cmhlp (;c), and Xpad (F9) commands
open the assistance panel. Programs may open the assistance panel to display status infor-
mation. Help (F1) and Limits (F5) provide information about the current screen and data
fields; Status (F7) provides information about the current process; Cmhlp (;c) provides
information about the available commands; and Xpad (F4) provides a "note pad” for
making notes in the file XPAD.DAT. Use Quiet (F8) to close the assistance panel.

Assistance panels display four lines at a time. In cases where the assistance information
is more than four lines, the assistance panel becomes the active panel when one of the

assistance type commands is invoked. Use the up and down arrow keys to scroll through
the information. If the Page Down and Page Up keys are available, then they may be used
to page through the information. To reactivate the data panel, toggle the command mode

by pressing (;) or (F3).

Instruction Panel

The instruction panel provides information on how to interact with the current screen,
such as how to enter data or how to advance to another screen. This panel appears at the
bottom of the screen just above the screen commands (fig. 1). The instruction panel is
present whenever the program requires input from the user. Up to four lines of text are
displayed in an instruction panel. If an invalid keystroke is entered, then the information
in the instruction panel is replaced with an error message and the panel name (upper left
corner) changes from "INSTRUCT" to "ERROR.” Once a valid keystroke is entered, the
Instruct panel is displayed again.

Special Files

6

Three files are associated with the interaction between the user and the program. System
defaults that control how the program operates can be overridden by setting parameters
in the optional TERM.DAT file. A session record is written to the PROC.LOG file, for
example, PIPER.LOG, each time the program is run; all or portions of this file can be
used as input to the program at a later time. Error and warning messages, as well as some
additional information, may be written to the file ERROR.FIL.

System Defaults—TERM.DAT

Certain aspects of the appearance and operation of the program are controlled by param-
eters within the program. These parameters specify information such as the computer
system type, graphic output type, terminal type, program response to the Enter key, and
colors. Each parameter is set on the basis of preferences of users who tested the program.
The preset values can be overridden by creating a TERM.DAT file in the directory where
the program is initiated (the current working directory). The available parameters and the
format of the TERM.DAT file are described in Appendix A. If a TERM.DAT file does not
exist in the current directory, then the message "optional TERM.DAT file not opened,
defaults will be used" is displayed briefly when the program starts. If the TERM.DAT file
is present, then the message "reading users system parameters from TERM.DAT" is
displayed.

User’'s Manual for QWGRAF, Computer Programs for Water-Quality Graphics
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Session Record—PROC.LOG

The keystrokes entered during a program session are recorded in the PROC.LOG file.
Each time the program is run, a PROC.LOG file is created; if one already exists in the
current directory, then it is overwritten. All or part of this file can be used as input to the
program as a means of repeating the same or similar tasks. To do this, first save the
PROC.LOG file under a different name. Modify the file to contain only the sequence of
commands that need to be repeated. Then, at the appropriate point in a subsequent
program session, press "@"; a small file-name panel appears. Type the name of the log
file and press the Enter key. Appendix A describes the use and format of the PROC.LOG
file.

Error and Warning Messages—ERROR.FIL

Any error or warning messages produced during a program session are written to the
ERROR FIL file. Each time the program is run, an ERROR.FIL file is created; if one
already exists in the current directory, then it is overwritten. Diagnostic and summary
reports also may be written to this file. Examine ERROR_.FIL if an unexpected program
response is encountered.

How QWGRAF Works 7
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General Features of QWGRAF Programs

Program Overview

For a general overview of a program, select and bring up the "Query for general informa-
tion” option from the "Opening Screen.” If the overview has more than 16 lines, then use
the Page Down key or type ";D" on the keyboard to scroll the next 16 lines. Use the Page
Up key or type ";U" on the keyboard to scroll back. Use Accept (F2) to return to the
"Opening Screen.” If the word "ERROR" appears on the instruction screen, then toggle
the Command Mode (press "F3" or ";") to reactivate the Data panel.

QWGRAF On-line Help

Tutorials

When a program is initially started, only the "Data Panel” and the "Instruction Panel" are
presented on the screen. Use the Help (F1) key to activate the center "Assistance Panel."
With the "Help" panel activated, appropriate information about the option selected (high-
lighted) on the "Data Panel" is presented. If additional lines of help need to be screened,
then use the Help (F1) key again to put the assistance panel in scroll mode whereby the
"Page Down" and "Page Up" keys can be used to scroll through the entire help message.
Use the "F3" or ";” key to reactivate the "Data Panel” for data entry. The "Limits (F5)"
key is sometimes used in conjunction with the Help (F1) key to display allowable values
for an option, such as the list of colors, line types, and fonts.

The programs in the QWDATA system share many similar functions and the interface has
been designed to present these functions to the user in a consistent manner. However, the
number of options available in the programs and the flexibility afforded the user in
configuring a particular plot can initially make the programs appear to be difficult to learn
and use. Therefore, interactive tutorials have been created for selected programs to guide
the user through the basic elements of the programs. Instructions for using the tutorials
are given in the discussions for "boxplt,” "piper,” "mapping," and "datmgr."

Return to Operating System

To exit from any program, return to the "Opening Screen” by using a combination of
Accept (F2) and the "Return” option found in most screens. Use the arrow keys in the
"Opening Screen" to select the "Return to operating system"” option and press Accept (F2)
or the Enter key.

Specification Files

Specification files are presaved lists of programs options that can be loaded (from "Get
Specifications” option in "Opening Screen”) at any time during a program session. These
options overwrite any existing options, including default options, which produces a plot
with a particular configuration. Options loaded in this manner can still be changed to
meet user requirements. The Specifications file includes the name of the input data file
open at the time the file was created. The use and creation of Specifications files is
described in detail in the "Programs Specifications Files" discussion in the "Features
Shared by QWGRAF Programs"” section.

8  User's Manual for QWGRAF, Computer Programs for Water-Quality Graphics
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Script Files

“Input Data

Script files contain instructions for modifying an input data file and are generated by the
QWGRAF "datmgr" program. Because the script includes the name of the original data
file and keeps track of any subsequent files generated in the data modification process, a
script file can be used as an input data file for any QWGRAF program. Script files are
discussed in detail in the "datmgr" program section and in Appendix C under "The RDB
System."

QWGRAF programs operate internally on RDB files. RDB files are basically ASCII files
and can be created either manually in a text editor or by macros from spreadsheet or
statistical programs. Data files in a variety of other formats (ASCII flat files, NWIS-I
QWDATA FLATOUT files, 1 and * cards, PSTAT files, and FORTRAN formatted files)
are read and converted to RDB by QWGRAF filter programs, which are transparent to
the user. The appropriate filter is activated when a program attempts to read a file whose
root file name has been appended with a special three-character extension. RDB files
normally have the extension ".rdb"; however, any input file with no recognizable exten-
sion is assumed to be an RDB file.

See Appendix C for a discussion of "The RDB System" and Appendix D for a discussion
of "Conversion of Data to RDB."

Missing Data

QWGRATF programs support missing data. With the exception of RDB files, all data file
formats supported by the QWGRAF system may use any of the following as a missing
data indicator:

wakw " . " w_n wn__mn n___nn " _0_ " " _999999 ll.
Missing data in RDB files are indicated by consecutive TABS.

Censored Data

Censored data are indicated by the presence of the "less than" (<) remark code that
precedes the value in the data file. With the exception of the "boxplt" and "datmgr"
programs, QWGRAF programs, by default, exclude censored data from the analysis. The
"boxplt" and "datmgr" programs, on the other hand, include censored data by default, as
each program has an option for computing percentile values from the observed data. In
the presence of censored values these programs activate a routine that simulates percen-
tile values below the designated "detection" level. The "boxplt" and "datmgr" programs
each have unique pathways to the screens used to select the method by which censored
data are treated. In the other programs the censored data options are found in the
"Censored (MBC)" screen accessed by first selecting the "Modify" option in the "Open-
ing Screen" followed by the "Basic" option in the "Modify (M)" screen, and then the
"Censored" option in the "Basic (MB)" screen.

Data Management

In some instances the input data file will be in a form suitable for use by a given
QWGRAF program. In other cases, it may be necessary to modify the data before use,
such as sorting the data or creating the normal form of cation and anion concentrations.
Because RDB files are basically text files, they can be modified with text editors, statis-
tical packages, spreadsheet packages, or by using a scripting language, such as PERL or
PYTHON. To learn the complex syntax for these various approaches ion order to modify
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data files can be quite tedious. QWGRAF provides an alternative approach for modifying
data files to be used with QWGRAF programs or any other programs that utilize RDB
files or simple ASCII files. The QWGRAF "datmgr" program provides a robust capabil-
ity to modify input data files by using the same user interface as the other QWGRAF
programs. Little knowledge of RDB or a scripting language syntax is required to use the
"datmgr" program, which provides options for sorting, filtering data rows with Boolean
expressions, aggregating rows, creating new variables, selecting and reordering vari-
ables, relational joins and concatenation of data files, and row to column and column to
row transformations.

The data-management process can result in the creation of either anew RDB file, a script,
or both. Scripts are strings of data-management operations that can be executed to carry
out the operations. Scripts are stored in special RDB files identified by the extension
".rgs" appended to the file name. Script files contain no data but rather the information
necessary to find the appropriate input data file, make any required modifications, and
then make the data available to the program. Thus, script files can be used as input files
to QWGRATF programs.

Selected data-management functions also are provided by individual QWGRAF
programs. For example, all programs have a data filtering option that allows the user to
specify a Boolean expression to retain or exclude selected rows from the input data file.

Some programs also have an option for grouping (partitioning) observations on the basis
of composite values of up to four partitioning variables. Each of these logical groups is
then the basis of a diagram on the plot page. These grouping operations do not result in
a permanent change to the input data file; only the temporary RDB file created internally
for use with the program is changed.

Conversion of Concentration Data to Equivalents

One of the most common data-management operations required for using data in
QWGRATF programs is the conversion of cation/anion data, which is typically reported
in units of milligrams per liter, to the milliequivalent form. The "piper,” "durov," and
"stiff" programs are based on the assumption that the data are in the form of milliequiv-
alents, and it is the user’s responsibility to create the input data file with the data in the
proper form. This can be done with a text editor and a calculator, command line use of a
scripting language accessing RDB files, a spreadsheet program, or by using the facilities
available in the QWGRAF system. The following scenario demonstrates the use of
QWGRAF facilities to convert concentration data to milliequivalents (see discussion in
Appendices C and D on the "RDB System” and "Conversion of Data to RDB," respec-
tively, for more background information).

If the input data file is an ASCII flat file of rows and columns and has a file-name exten-
sion of either ".dta" and "ftr" as described in Appendix D, then it can be accompanied by
a "format definition file" ("dtv" or "ftv" file-name extension). One of the functional
features of a format definition file is the ability to define algorithms for the creation of
new variables. For example, the following line added to the end of a format definition file
would (1) define a new variable called "CA_MEQ,” (2) declare it a "real” variable, (3)
indicate it has some values remarked (censored), and (4) define an algorithm to compute
its values as milliequivalents of calcium on the basis of concentration values of variable
IICA‘II

CA_MEQ <dtype>real <rmk> <perl>$CA * 0.04990.

The variable creation process using a format definition file occurs on the fly as the file is
being read (and converted to RDB) by the program. The RDB file that is created is only
a temporary file that disappears when the program session ends or a new input file is
opened. The original input file is not changed.
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For the other data formats that can be read by QWGRAF programs, but that do not
provide the algorithm definition option (qwd, str, pst file-name extensions), the "Create"”
operator in the "datmgr" program can be used to create the milliequivalent form of the
required variables. This process does result in the creation of a new file (or script), which
then is opened by one of the other QWGRAF programs.

In either case, the algorithms can be as complex as necessary; for example, new variables
may be composites of two or more variables. See Appendix F (perltbl operator) for a
discussion of the Perl syntax used for algorithm development. Appendix G provides a list
of commonly used equivalent conversion factors for use in the algorithms.

General Features of QWGRAF Programs 11
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Getting Started

Starting the Program

QWGRAF programs are started by typing the name of the program from the command line:

piper

prbplt

frgplt

lilifr

piper

durov

stiff

mapping

datmgr
Each program consists of several screens in which the data panel at the top of the screen
is used to present options to the user. These options can be fields where program argu-
ments are entered, or they can be triggers that tell the system to go to another screen
where program arguments can be entered, or control can be passed on to still other
screens.

Many of the options available to users of the QWGRAF system are common to all of the
programs. These are discussed as a block in the section "Shared Features." Functions

unique to each program are discussed in the appropriate program sections and are gener-
ally found in the "Modify" option accessible from the "Opening Screen" of each program.

Program Operation

There are eight steps routinely used to create plots with QWGRAF programs, but the
system provides a great deal of flexibility as to which steps are used and in what order.

Step Program Access Point

1. Type program name From command line.

2. Load a Specifications file "Get - specifications from file" option
(from "Opening Screen").

3. Open an input file "Open - input data file" option
(from "Opening Screen").

4. Select variables to display “Name - variables" option

(from "Opening Screen").

5. Modify default plot specifications ~ "Modify compute/plot" option
(from "Opening Screen").

6. Make the plot on the screen "Make - the plot" option
(from "Opening Screen").

7. Make and save plot to a file "Device" option (from "Modify (M)"
screen) followed by the "Make - the plot"
option (from "Opening Screen").

8. Save plot specifications "Save - current specifications" option

(from "Opening Screen").

Simple exploratory plots with default options and minimal annotation can be generated
by using steps 1, 3, 4 and 6 or steps 1, 2 and 6. Step 2 is used only as needed and usually
obviates the need for steps 3, 4 or 5; however, it is permissible to modify the specifica-

tions from a loaded Specifications file. The input file (step 3) can be a data file or a script
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PROC.LOG

Figure A.1 shows an example TERM.DAT file that overrides the default BLACK back-
ground color of the graphics display. The parameter BCOLOR is set to OTHER and the
parameters BGRED and BGBLUE are set to 40 and 60, respectively. The resulting graph-
ics screen display background will be a shade of purple. In addition to the parameters
described in table A.1, there are five parameters that can be used to set the foreground
and background colors of parts of the program screen on DOS-based computers. These
parameters are described in table A.3.

Figure A.1. Example TERM.DAT file.

BCOLOR OTHER
BGRED 40
BGREEN 0
BGBLUE 60

Table A.3. TERM.DAT parameters for color display (DOS-based computers)

Parameter Default Allowable

keyword value values® Description

CLRFRS 15 Oto 15 Standard foreground color.

CLRBKS 1 Oto 15 Standard background color.

CLRFRE 7 Oto 15 Foreground color for error messages in instruction panel.
CLRBKE 4 Oto 15 Background color for error messages in instruction panel.
CLRFRD 14 Oto 15 Color of first letter of commands in command mode.

a. O-black, 1-blue, 2-green, 3-cyan, 4-red, 5-magenta, 6-brown, 7-light gray, 8-dark gray, 9-bright
blue, 10-bright green, 11-bright cyan, 12-bright red, 13-bright magenta, 14-yellow, or 15-white

A file named PROC.LOG, for example, PIPER.LOG, is created each time the program
is run. This file contains the sequence of keystrokes entered during a program session. It
may be used as an input to the program in a later session. To save the sequence of key-
strokes, you must rename the file because the program will overwrite the PROC.LOG file
in the next session of the program. Keystrokes of nonprinting keys, such as the backspace
and function keys, are represented in the file by special codes. Table A 4 lists each code
and its definition. Menu options are chosen in one of two ways—either press the first let-
ter(s) of a menu option, or position the cursor with the arrow keys and then Accept (F2).
The use of the first method will make the log file easier to interpret and modify. The use
of the letter "x" for making option selections also will help. Table A.5 contains an anno-
tated example log file for a program session that opens a WDM file and gets a summary
of the contents of the file.

Table A.4. Codes used for nonprinting characters in a log file

Code User’s Associated Code User’s Associated
keystroke command keystrokes = command
#227 ; or Esc? #401 F1 Help
#208 Backspace #402 F2 Accept
#213 Return or Enter #403 F3
#301 T #404 F4 Prev
#302 d #405 F5 Limits
#303 - #406 F6 Intrpt
#304 «— #407 F7 Status
#307 Page Up #408 F8 Quiet
#308 Page Down #409 F9 Xpad
#410 F10 Top

a. The Escape key is only functional on DOS-based computers.
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Table A.5. Description of example log file

Line Contents Explanation

1 fotestwdm  The File option was selected from the Opening screen menu. The Qpen option
was selected from the File (F) screen menu. The file name test.wdm was entered
in the Open (FO) screen.

2 #402 Accept, function key F2, was executed, which causes the test.wdm file to be
opened.

3 s The Summarize option was selected from the File (F) screen menu.

#402 After the summary of the contents of the test.wdm file had been viewed,

Accept, function key F2, was executed.

5 r The Return option was selected from the File (F) screen menu. The Return

option was selected from the Opening screen menu.

Log files can be used to repeat a task, or they can be modified to perform a similar task.
A log file may contain all of the keystrokes required for a complete program session, or
the keystrokes for part of a program session. For example, all of the keystrokes needed

to plot the results of a model run can be saved and then reused for the next model run. A
subset of a session might consist of the keystrokes required to select a particular group of
data sets; this log file would be used whenever that data were needed.

A log file may be entered at any point in the program by first typing "@"; then type the
name of the log file in the small panel that appears. The program will run using the input
from the file just as if it were being typed in. The program and the log file must be syn-
chronized; if the keystrokes in the log file get out of sync with the program, then the pro-
gram may produce unpredictable results. A common cause of synchronization problems
involves output files. If an output file, which did not exist when the log file was generated,
exists when the log file is read by the program, then the program may ask if it is OK to
overwrite the existing file. Because the keystrokes required to answer this question are
not in the log file, the program will probably do something unexpected.
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APPENDIX B. Glossary of Terms

Aggregation. The process of condensing multiple rows of a data file into a single row with the resultant
value of each column representing a computed statistic of the condensed row values; for example,
mean, median, or number of observations.

Attribute. An object used to characterize and identify an element in a data base.

Block. A string of data values in a time-series data set with a header value that indicates the date of the
first value, number of values in the string, and quality code of the string.

Buffer. An array of data-set numbers.

Censored data. A data value remarked with a code that indicates a qualification of the value; for example,
a "less than" (<) remark code would indicate that the actual value of the stored constituent is less than
the value reported.

Command file. A text file of a sequence of responses to screens.

Concatenation. A vertical relation join in which a column of one file is matched and appended to a col-
umn in a second file. In QWGRAF the matching of columns is by the column name assigned in the
column name line of the RDB file.

Data compression. When a sequence of time-series values are the same, the value and the number of
those values are stored instead of repeated storage of the same value.

Data-set number. A number from 1 to 32,000 assigned to a data set on a WDM file.

Direct-access file. A file in which records can be randomly accessed, written or read.

Flat file. A sequential text file of rows and columns of data.

GKS (Graphical Kernal System). An ANSI and FIPS graphics standard implemented by many software
vendors with a set of Fortran callable subroutines.

Log file. A file created by the program to store the sequences of responses to menus.

Menu. Text written to the terminal for requesting input.

Message file. A read only, direct-access file that stores the questions, help information, and valid
responses for menus, as well as the attribute names, definitions, and characteristics.

Quality code. A number from 0 to 30 tagged to time-series data and used by some data process options to
describe the quality of the data, with O being best and 30 being worst.

Partition variable. A variable in the data set whose unique values are used as the basis for grouping the
rows in the data set. The grouped rows may or may not be further aggregated.

Relational join. The horizontal merging of records from two or more files that are written to an output file
if there is a value match in each of one or more designated sets of common variables (not necessarily
the same name) in the source files.

Relational subtract. Records from the first of two files are written to an output file when there is no value
match between any of the designated pairs of common variables between the two files.

RDB file. A data formatting system based on TAB delimited ASCII files that contain comment and col-
umn definition information at the top of the file. The RDB system comes with a robust toolkit of math-
ematical and operator functions for modifying and managing the data. RDB functions are invoked
through scripting languages such as Perl and Python.

RDB operator. Programs that perform unique functions on the data in an RDB file. RDB operators are
grouped into data movers, report generators, and utilities.

Screen. The 24-row (line) by 80-column (character) image on the display monitor or in an X window on
the display monitor.

Script file. A special RDB file that contains no data rows but a script of Perl commands imbedded in the
RDB file comment lines. This file is read by the RDB operator "rdbqry," which then executes the
script to perform a sequential list of operations on the RDB data file(s) specified within the script.
Script files can be used as input files to any QWGRAF procedure.
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Specifications file. A file that contains the complete list of specifications, which includes the source data
file name, that are passed as arguments to a QWGRAF program. There are three types of Specification
files—latest, default, and user defined. Specification files, of which there can be any number, can be
called into a program at any time to replace the current specifications.

TERM.DAT file. User's configuration file used to modify the computer system options for the program.

Time series. Values of a measured or calculated variable over time at regular or irregular intervals.

WDM (Watershed Data Management). A binary direct-access file and associated software for storage,
retrieval, and management of hydrologic and related data.

Window. A subset of a screen bounded by a drawn rectangle.
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APPENDIX C. The RDB System

QWGRAF programs operate internally on data files formatted in RDB. RDB is a public-
domain relational data-base management system that is based on user-editable ASCII
(flat) files and a library of tools for managing and modifying the data. RDB is highly por-
table and will run on UNIX, MS-DOS, or Macintosh computers. Scripting languages
such as Perl and Python can be used in command line mode to access and modify RDB
files.

The RDB system was chosen as the underlying data-formatting system for QWGRAF
programs because of the potential use and transferability of files between QWGRAF pro-
grams and other UNIX and DOS based systems. RDB data-management functions also
are used in selected options in QWGRAF programs.

The RDB system is generally accessible in command line mode through the use of rela-
tively complex syntax that requires a significant learning curve not suitable for all levels
of potential users of the QWGRATF system. Thus, QWGRAF includes an interactive pro-
gram "datmgr" that provides a wide range of data manipulation capability, which with
very minor exceptions, does not require the user to have any knowledge or experience
with RDB syntax or any of the available scripting languages used with RDB. Functions
available in "datmgr" include sorting, aggregation of data by a row grouping variable and
a summarization statistic (mean, median, or sum), definition of algorithms for creating
new variables, relational algebra joins with other data files, concatenation of files,
Boolean logic selection of specific rows, column subsetting, and row-to-column and
column-to-row transformations.

The RDB system views the form of the data file as that of a relation or table, with rows
and columns of information. There is no effective limit on the number of columns (vari-
ables) or the number of rows in a data set. A unique aspect of an RDB file is the use of
specialized lines of self-documentation inserted at the top of the file. This documentation,
which also is editable, can serve informational needs as well as fun¢tional needs (see sub-
sequent section on "RDB FILE EXTENSIONS").

RDB Data File Structure

An RDB file is an ASCII file; therefore, it can be manipulated by regular UNIX utilities
and edited with standard text editors. An RDB data file consists of comment lines, header
lines, and data lines.

Comment Lines

Comment lines are indicated by a pound (#) sign in the first column, a space in the second
column, followed by user supplied text. Any number of comment lines may be used.
Comment lines also provide a functional role to store scripts generated by the "datmgr”
program (see subsequent discussion on "RDB Scripts").

Header Lines

RDB files require two header lines. The fields in the first header line contain the variable
names to be assigned to the data columns in the file. The second header line contains the
characteristics to be assigned to the variables, such as field length, data type and variable
description. Special RDB file extensions have been implemented for use by QWGRAF
programs to provide additional variable definition capabilities (see subsequent discussion
on "RDB Structure Extensions."

Column (Variable) Names

Variable names used in QWGRAF programs are limited to 12 characters. RDB file vari-
able names are separated by a TAB. Alphabetic, numeric, and the underscore ("_") char-
acters are the best choices for use in variable names. Variable names should include at
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least one alphabetic character and they are case sensitive; that is, "COUNT" is different
from "Count."

Although other nonalphanumeric characters, such as, the percent sign (%), colon (:), the
"@" sign, equals (=), comma (,), dot (), and dash (-), are generally acceptable for use in
RDB names, problems can arise when using these characters in names to be used by some
of the RDB and Perl operators utilized by the "datmgr" program. The pound (#) sign is
acceptable if it is not the first character in a variable name; otherwise, the line would be
considered a comment line.

The TAB character is never to be used in column names, nor should internal spaces or
UNIX I/O redirection characters (<, >, or | ) be used.

Data Definition Lines

The data definition line contains a repeating sequence of fields, one group of fields for
each variable. The first field in each group defines the default RDB specifications for
column width, data type, and alignment justification. The column width must be speci-
fied; data type and alignment are optional. The data definitions in this field take the form
of adjacent characters in a single word (see subsequent discussion on "Example Data
Type Definitions"). The remaining fields in a group contain additional definitions of the
variable provided by RDB file extensions. Each variable definition group must be sepa-
rated by a TAB.

Field Widt

The width of each field is specified by a numeric count and can have a maximum value
of "12."

Data Types

Data types supported in standard RDB files include string (S), numeric (N), or month
(M). Default is type "string." In RDB files used by QWGRAF, the column extension
facility (see subsequent discussion of "RDB Structure Extensions") provides for more
detailed data-type definitions including integer, real, double, or text (with defined field
length).

Printo ifi
Printout justification is specified by "<" for left justification and ">" for right justification.

If not specified, the string and month types will be left justified and numerics will be right
justified. Printout justification is not utilized in QWGRAF programs.

Example Dat Definiti
The following are examples of data definitions as they would appear in a standard RDB
file.
8n< - The variable is an 8-digit numeric (integer or real) left justified.
8n - The variable is an 8-digit numeric (integer or real) right justified.

158> - 15-character string right justified (default).

Data Lines

RDB file data lines consist of rows and columns of observations (values). There can be
one or more columns (variables) in a row, and there can be any number of rows in an RDB
file. QWGRAF programs, however, are generally limited to 10,000 rows. Data columns
are separated by a TAB. Therefore, data values must not contain TAB characters. All
rows in the data lines of an RDB file are terminated with RETURN (NEWLINE) charac-
ters. The missing values are indicated by consecutive TAB markers.
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RDB Structure Extensions

RDB files can be implemented with extensions to provide additional column definition
capability. Applications, such as QWGRAF, must be designed to utilize these extensions.
Each column can have its own unique set of extensions; thus, the additional data defini-
tion field(s) provided in an RDB file extension follow the applicable default column def-
inition word field on the second header line.

The additional functionality provided by these extensions does not alter or compromise
the functionality of the standard RDB column definition fields if the file is used in non-
QWGRAF applications. Any QWGRAF data definition text that follows the default RDB
data definition word field would simply be interpreted as miscellaneous text.

Keywords

Each optional data definition field in an RDB file extension is identified by a keyword in
angle brackets (<keyword>) at the beginning of the field. The keywords are recognized
by the QWGRAF programs, which then interpret the information that follows the key-
word to assign the intended characterizations to the data in that column. The following
extensions have been developed specifically for the QWGRAF programs.

Data Types <dtype>

Standard RDB supports only three types of variables—numeric (N), string (S), and
month (M). Through the use of the "<dtype>" extension, QWGRAF supports the follow-
ing additional data types:

<dtype> int (integer)
<dtype> real (floating point, single precision)
<dtype>  double (floating point, double precision)

<dtype > textX (text, where "X" is field length).
Algorithms <perl>

The <perl> extension permits the storage of algorithms for defining and computing new
variables to be added to the data file. While this can be done manually with a text editor,
the QWGRAF "datmgr" program also provides for defining the algorithms for new vari-
ables. The "datmgr" program presents a screen to the user in which the column charac-
teristics (name, type, and length), as well as the algorithm, are specified.

In either case, the column definition and the algorithm for the new variable are stored in
the RDB file, but the actual data values are not stored. The values will be computed when
needed by one of the QWGRAF programs. See Appendix D on "Conversion of Other
Data to RDB" and the sections in Appendix F on the "compcol” and "perltbl " operators
for more information and details on the Perl syntax used to formulate the algorithms. An
example of an algorithm as stored in an RDB file follows:

<perl> $calcium_meq = $calcium * 0.0449.

Variable Descriptions <descr>

The <descr> extension provides for user-supplied text to further characterize the vari-
able; for example,

<descr> Sodium, mg/L.

Example RDB Tables

Tables C.1 and C.2 show examples of RDB files as viewed with an editor. The TAB char-
acter is represented by "<T>" and the RETURN character is represented by "<R>." It is
important to note that only actual data are stored in the data fields, with no leading or trail-
ing blanks. Null values would be indicated by consecutive TAB characters.
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Table C.1 is the simplest form of the RDB file and contains no comment lines (or imbed-
ded scripts) or column extensions. Note column names, column definitions, and data
values are separated with TAB’s (<T>).

Table C.1. A simple RDB table
NAME<T>COUNT<T>TYP<T>AMT<T>OTHER<T>RIGHT<R>
6<T>SN<T>3<T>5N<T>8<T>8<R>
Bush<T>44<T>A<T>133<T>Another<T>This<R>
Hansen<T>44<T>A<T>23<T>0One<T>Is<R>
Jones<T>77<T>X<T>77<T>Here<T>On<R>
Perry<T>77<T>B<T>244<T>And<T>The<R>
Hart<T>77<T>D<T>1111<T>So<T>Right<R>
Holmes<T>65<T>D<T>1111<T>On<T>Edge<R>

Table C.2 is an RDB file that contains a single comment line, a column name line, a
column definition line that contains extensions for data type and algorithm definition, and
15 data lines. Names in the variable name row and column definitions, which include the
algorithm definitions, are separated by TAB’s (<T>). Note that three algorithms are
defined, but the data columns for these variables are empty. When required by another
QWGRAF program, the variables will be computed. The slashes at the end of the column
name and definition lines indicate that in the actual ASCII file information on the line fol-
lowing the slash would continue on the same line.

Table C.2. RDB table with column definition extensions

# RDB - with data definition extensions

STATION<T>STCODE<T>NA<T>K<T>CA<T>NA_MEQ<T> /
K_MEQ<T>CA_MEQ<R>

12N<T><dtype>int<T>12N <dtype>int<T>12N <dtype>real<T> /
12N <dtype>real<T>12N <dtype>real<T> 12N <dtype>real /
<perl>$SODIUM = $NA_MEQ * 0.04348<T> /
12N <dtype>real <perl>$POTASSIUM = $K_MEQ * 0.02558<T> /
12N <dtype>real <perl>$CALCIUM = $CA_MEQ * 0.04990<R>

22111111<T>22<T>30.0<T>15.0<T>40.3<R>
22111111<T>22<T>28.0<T>18.3<T>46.8<R>
22111111<T>22<T>33.7<T>17.3<T>52.4<R>
22111111<T>22<T>39.6<T>21.3<T>50.3<R>
22111222<T>22<T>42.7<T>24.2<T>114.3<R>
22111222<T>22<T>56.8<T>21.9<T>96.3<R>
22111222<T>22<T>61.7<T>27.4<T>99.4<R>
22111222<T>22<T>57.2<T>29.0<T>107.4<R>
22111333<T>22<T>34.7<T>31.6<T>64.2<R>
22111333<T>22<T>29.3<T>28.7<T>57.2<R>
22111333<T>22<T>45.8<T>34.6<T>74.9<R>
36111111<T>36<T>48.0<T>33.4<T>35.6<R>
36111111<T>36<T>36.7<T>41.7<T>44.7<R>
36111111<T>36<T>41.9<T>37.3<T>39.5<R>
36111111<T>36<T>37.6<T>36.1<T>42.7<R>
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RDB Scripts

As the user develops a data-management scenario in the "datmgr" program, the program
captures the various RDB commands used and creates an executable script. This script
contains the information a QWGRAF program needs to read the input data file, convert
the data to the RDB format, and make the required modifications to the data. The result-
ant file that contains the script (described subsequently) can then be used as an input file
to any QWGRAF program.

The "datmgr" program creates a script each time the program is used. Thus, the user does
not need to know or use any RDB command line syntax or any of the scripting languages
that operate on RDB files. Even though the script is being generated continuously, the
user decides whether to save the script for future use. When saved, the script is stored in
the comment lines of a special RDB file identified by the ".rqs" file-name extension.
Script lines in this file are distinguished from the other comment lines (comment lines
begin with the # sign) by the use of a beginning ("# begin script") and an ending ("# end
script") keyword line.

A script file does not contain data lines, only the instructions to generate the data required
by a QWGRAF program. Thus, it can be used as the input file to any QWGRAF program.

The "datmgr" program provides an option to execute a script. The output from this pro-
cess is an RDB data file that contains the data in its final form.

A more detailed discussion of the script function is given in the description of the
"rdbgry" operator in the "OPERATORS" section in Appendix F.

Table C.3 is an example of an RDB script file that contains a Perl script in the comment
lines. Note the absence of data lines. All data values whether populated in the original
source file or to be computed by an algorithm in some step of the script process will be
produced from this script for use by the QWGRAF program. Note that the slash at the
end of some lines indicates that the following line is a continuation of the preceding line
in the actual ASCII file.

Table C.3. RDB file used to store a script generated by QWGRAF "datmgr" program

# RDB - with data definition extensions

# begin script

# {C} = dta2rdb /srv3/hass/jcschom/atmdep/nadp.dec94.dta
# {D} = {C} | sorttbl CALID DATE

# {E} = {D} | perltbl -e '&retain if &isNumber(SRAINFALL) && /
&isNumber($PH) && $RAINFALL >=0.01 && $PH >=0.01'
# {F} = {E} | modcol RAINFALL=,12N <dtype>real' /

'PH=, 12N<dtype>real'

# {G) = {F} | column -v -a DUMMY '12N <dtype>double<descr>Dummy /
variable used to calculate pH<perl>$DUMMY = SRAINFALL/(10**$PH)'

# {H} = {G} | compcol -v

# {1} = {H} | aggtbl -ac CALID -am sum -xc -unique CALID=maximum /
DATE=mean PRECIP_TP=maximum

# {J} = {1} | column -v -a PWMMPH '12N <dtype>real<descr>Calculated /
pH value<perl>$PWMMPH = sprintf("%5.1f", -&log10($DUMMY /
$RAINFALL))

# {K} = {J} | sorttbl CALID

# {L} = sorttbl </srv3/hass/jcschom/atmdep/nadp.header.rdb CALID
# {M} = {K} | jointbl CALID '{L} I

# {N} = {M} | perltbl -e '&retain if SMAP == 1"

# {N} | compcol CALID DECLAT DECLON STCODE PWMMPH
# end script
CALID<T>DECLAT<T>DECLON<T>STCODE<T>PWMMPH

4S <dtype>text(4)<T>12N <dtype>real<T>12N <dtype>real<T>12N /
<dtype>int<T>12N <dtype>real<descr>Calculated pH value
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APPENDIX D. Conversion of Other Data to RDB

All programs in QWGRAF operate internally on RDB files; thus, it is often necessary to
convert other data formats to the RDB format. Several options are available for convert-
ing other formats to RDB. Users familiar with RDB syntax and scripting languages, such
as Perl or Python, can develop their own conversion routines. Selected RDB operators
have been created to convert various file formats to RDB. Macros can be created to con-
vert files used with statistical programs to RDB. A procedure is described to convert
spreadsheet files to RDB. Finally, special filter programs, implemented as RDB opera-
tors, have been developed that permit QWGRAF programs to detect selected data for-
mats and convert them to RDB format. The discussions in Appendix D focus on the
descriptions of these other file formats and how the data and inherent functional utility in
these files can be translated to RDB files to meet the data-management needs of the user.
With very few exceptions, it should not be necessary for the typical QWGRAF user to
use or even be aware of RDB, its operators, or complex command line syntax in order to
prepare data for use with the QWGRAF programs. The QWGRAF interface provides
most of the data-management tools required. For documentation purposes and for those
so inclined, Appendix E provides detailed discussions on the command line syntax and
use of the macros and RDB operators used by QWGRAF to create and modify RDB files.

RDB Tables from Third Party Systems

Some third party packages use data files that are not readable by regular text editors; thus,
to create a filter to convert these formats to RDB is usually impractical. The alternative
is to develop internal programs (macros) to output a file in RDB format. Conversion

macros for the three packages listed below have been created and are described in more

detail in Appendix E.
Package RDB Macro
Statit tblwrite
SAS sasrdb.sas
Tactician An RDB macro for Tactician is not available; but the procedure

described in Appendix E will produce an RDB file from Tactician,
as well as several other commercial spreadsheet programs.

RDB Table Conversion Operators

Several RDB operators have been created for converting common formats to RDB. These
operators were created for the RDB user and are not a formal part of the QWGRAF sys-
tem. However, because the files created by these operators are RDB, they can be used in
QWGRAF applications. These operators are described briefly below and in the section
on "Standard RDB Operators for Data Format Conversions” in Appendix E.

Operator name: 2tabs

Description:
Converts an ASCII file with columns separated by delimiters other than TABS
to an RDB tab-delimited file. The output file must be edited to add header lines
that describe the column names (line 1) and the column type, width, and
justification (line 2).

Operator name: f2tbl

Description:
Reads data by using a Fortran-style format string.

Operator name: tsql

Description:
Converts an Ingres table to an RDB file.
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QWGRAF Data Format Filters

QWGRAF programs detect and convert other selected data formats to RDB format.
These conversions are accomplished by special filter programs that operate transparent
to the QWGRAF user. These programs are implemented as RDB operators (see table D.1
below), and can be used outside of QWGRAF in command line mode to convert data files
(see Section III in Appendix E).

Each data file to be used by a QWGRAF program is identified as to its format by a special
three-character extension to the file name. If a requested data file has no identifiable exten-
sion, then it is assumed to be an RDB file. If the file-name extension matches an available
filter, then no additional action is required by the user as each QWGRAF program recog-
nizes the format type and invokes the appropriate filter to make the conversion.

The file format conversion process results in the creation of a temporary RDB file used
by the QWGRAF program. If a permanent copy of the RDB file is required, then it can
be created either by using the filter operator in command line mode or by invoking one
of the functions in the QWGRAF "datmgr" program and outputting the result to a new
RDB file. An RDB file created in "datmgr" will be identified by the ".rdb" added to the
root file name. Table D.1 lists the format filter programs currently available for
QWGRAF. Also listed for reference purposes is the name of the RDB operator created to
implement the filter. Each filter is discussed in detail subsequently.

Format Definition Files

Some data formats can use an accompanying file to provide information to characterize
the variables in the data file. The Format Definition File provides for assigning names to
data columns, specifying data types, adding additional descriptive information, and
depending on the format, defining additional functionality, such as algorithms to create
new variables. These files are associated with the data files by having the same root name
as the data file and a unique three-character file-name extension (see table D.1).

Table D.1. Input file formats recognized by QWGRAF programs

. Format
:)'::;::;': definition o ':?aator Description
extension P
.rdb none none Default format used by QWGRAF programs. RDB files are
ASCII data arranged in rows and columns delimited by
TAB’s. Special rows at top of file contain comments,
variable names, and column definitions.
.dta .dtv dta2rdb  Blank or text delimited files of rows and columns of real,
integer or text data. Use of format definition file is optional.
.qwd .qwy qwd2rdb  ASCII files from NWIS-I QWDATA FLATOUT program.
Requires format definition file created by QWGRAF
program, but extension name changed to .qwv.
.Str none str2rdb  NWIS-I 1 and * cards from USGS WATSTORE and NWIS-
I systems. Does not use format definition file.
ftr ftv ftr2rdb  ASCII file output from Fortran program. Requires a format
definition file similar to .dtv file, but first line must contain
the Fortran format statement.
-pst. .psv pst2rdb  PSTAT format output from USGS NWIS-1 QWDATA
system. Requires format definition file created by
QWDATA program, but extension name changed to .psv.
.pet none none ASCII file for the "boxplt” program that contains percentile

values along with axis label and other information in a non-
columnar format.
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ASCII Flat File to RDB

QWGRAF provides a filter (dta2rdb operator) to convert ASCII flat files that are orga-
nized as simple rows and columns of numeric data values to RDB. An ASCII data file
can exist alone or be accompanied by a format definition file (see discussion below),
which provides additional capability to define the characteristics of the variables (col-
umns) in the resultant RDB file.

File-Name i

The conversion of this type of file to the RDB format will occur when a QWGRAF pro-
gram detects a file name that has been appended with the ".dta" extension; for example,
my_file.dta. If a format definition file is used with the ".dta" file, then it must have the
extension ".dtv" added to the root file name; for example, my_file.dtv.

Missing Values
Missing values in a ".dta" file can be designated by any of the following indicators:
" * L " " L - L " _— L] L — L " O n " 999999 " (leave quotes OfD

In the newly created RDB file, a missing value is indicated by a null field; that is, two
consecutive TAB markers.

Censored Data

Data values in a file may be accompanied by a single character remark code. For exam-
ple, values that represent an analytical detection limit (or reporting level) are preceded by
the "less than" (<) sign; for example, <1. Other remark codes are permitted. If the data
file is not accompanied by a format definition file (see discussion below), then the file is
assumed to have censored data and the resulting RDB file will include indicators for the
censored data.

If censored data indicators are to be included in the RDB file, then an additional variable
(one-character text variable) is created in the RDB file for each real variable with at least
one value remarked. Each new variable will have the same root name as its corresponding
data variable but will have the name appended with the "_R" extension. For example, for
a variable in a ".dta" file not accompanied by a format definition file, the corresponding
remark variable name in the RDB file would have the form VAROOX_R; while a remark

variable for a variable defined in a format definition file would have a form such as
CALCIUM_R.

Format Definition File

An ASCII flat file can stand alone or be accompanied by a format definition file, which
provides options for alternative column delimiters, assigning alternative column names
and data types, defining algorithms for additional variables, handling of remarked (cen-
sored) data, and miscellaneous descriptive text.

Variable N

In the absence of a format definition file, variables in the data file are assumed to be
numeric (real). Upon conversion to RDB, the columns are given names in sequential
order from left to right of the form:

VAR001 VAR002 VARO003 ....VARNNN.

If a format definition file is present, then the first field is used to define alternative names
for the data columns in the RDB file. Variable names are limited to 12 characters and are
subject to the same guidelines discussed under the heading "Column Names" in the sec-
tion on "The RDB File."

Keywords

The remaining functionality to be imparted to the RDB file via the format definition file
involves the use of keywords to identify the beginning of a functional definition in the

file. The currently available keywords include: <dtype>, <delimiter>, <descr>, <rmk>,
<perl>. Note the use of the "< >" characters to enclose the keyword. Keywords and their
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associated functional descriptions can be strung together on a single line (separated by at
least one space—not a tab), or each can be placed on its own line for improved readabil-
ity. The keyword (with < > characters) must be the first item on any additional lines that
follow the line with the variable name definition; otherwise, it will be assumed that the
line represents a new variable definition.

limiter (<delimiter>

In the absence of a format definition file or if the <delimiter> keyword line (first line in
the format definition file) is not present, then the data columns in the data file are assumed
to be separated by one or more blanks. The columns do not need to be neatly arranged.

If the data file is accompanied by a format definition file, then provision is made to define
any of three data column delimiters—one or more blanks, a TAB, or a single alphanu-
meric character. To define the delimiter, put the keyword <delimiter> in the first line of
the format definition file followed by one or more spaces and one of the following—space,
tab, or X, where X is any single printable upper- or lower-case alphanumeric character.

<delimiter> space  <delimiter>tab  <delimiter> x.
taT type>

Valid data types are int, real, double, and text(x), where x is length of the text field. Data
fields for text variables with embedded blanks must be enclosed in double quotes.

<dtype>int <dtype>real <dtype>double <dtype> text(35).
Miscellaneous Text < r>

The <descr> keyword provides for adding miscellaneous text to a variable description
line. This text can be used to provide a detailed description of the variable. This text does
not need to be enclosed in quotes.

Computed Variabl <perl>

The format definition file also provides for the definition of variables to be added to the
output RDB file. The form of the ASCII data file itself has no provision for indicating
variables to be computed; however, the format definition file can contain the information
required to define and compute the new variables. This information is transferred to the
column definition lines of the output RDB file, which in turn is interpreted by the
QWGRAF program for actual computation of the data values when required. The
computed variables will be assigned a missing value code (null field) if any source value
in the data file used in the algorithm is missing. A missing value also is assigned to a
computed variable if a source value is remarked and remarked data are indicated by the
program to be excluded from the current application.

The algorithm syntax involves RDB functions by using the Perl scripting language (see
discussion of this syntax in the section "Row Selection" of the "datmgr" program docu-
mentation and the discussion of the "perltbl" operator in Appendix F). All variable names
must begin with the "$" sign. Table D.3 shows an example of this syntax.

Remar Censor ta (<rmk>

If a format definition file is present and the <rmk> keyword is not present for a given vari-
able, then the program assumes the data for that variable are NOT censored, regardless
of the existence of remark codes in the data column. The presence of the <rmk> keyword,
which does not have any arguments, indicates that remark variables are to be included in
the RDB file. The <rmk> keyword is ignored for TEXT and computed variables. Com-
puted variables can be associated with an appropriate remark code that use the "Modify"
function in the "datmgr" program.
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Example Data File
Table D.2 is an example of a basic ASCII data file that contains space-delimited data.
This table could be read and used without a format definition file.

Table D.2. ASCI! space delimited data file

22111111 22 30.0 15.0 40.3
22111111 22 28.0 18.3 46.8
22111111 22 33.7 17.3 524
22111111 22 39.6 213 50.3
22111222 22 427 24.2 114.3
22111222 22 56.8 219 96.3
22111222 22 61.7 274 99.4
22111222 22 57.2 29.0 107.4
22111333 22 347 31.6 64.2
22111333 22 29.3 28.7 57.2
22111333 22 45.8 34.6 74.9
36111111 36 48.0 334 35.6
36111111 36 36.7 41.7 4.9
36111111 36 419 373 39.5
36111111 36 376 36.1 42.7

X le Form efinitio F
Table D.3 is an example of a format definition file that could be used with table D.2.
Table D.3. Format definition file for use with data file in table D.2

<delimiter> SPACE

STATION <dtype> INT

STCODE <dtype> INT

NA <dtype> REAL <descr> SODIUM IN MG/L
K <dtype> REAL <descr> SODIUM IN MG/L
CA <dtype> REAL <descr> SODIUM IN MG/L
NA_MEQ <dtype> REAL <perl> $NA * 0.04348
<descr> Sodium in milliequivalents

K_MEQ <dtype> REAL <perl> $K * 0.02558
<descr> Potassium in milliequivalents

CA_MEQ <dtype> REAL <perl> $CA * 0.04990

<descr> Calcium in milliequivalents

NWIS-| QWDATA QWFLATOUT File to RDB

Data files created by the QWFLATOUT option in the USGS NWIS-I QWDATA program
can be converted to RDB format (qwd2rdb operator). The file created by the
QWFLATOUT option also has an associated format definition file with the same root file
name as the data file, but with the extension "PARNAMES."

The QWFLATOUT format is discussed in detail in Maddy and others (1989, p. 4-6 to
4-11).
File-Name Extensions

For use with QWGRAF, the QWFLATOUT file name must have the ".qwd" extension
added and the format definition file must have the "PARNAMES" extension changed to
".qwv"; for example, my_file.qwd and myfile.qwv.

Format Definition File

The QWFLATOUT format definition file identifies variables in the QWFLATOUT data
file in two ways. The USGS NWIS_I QWDATA data base system identifies data elements
by the five-digit parameter codes developed by the U.S. Environmental Protection
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Agency (EPA) for use in the EPA STORET system. These parameter codes are used as
variable names in the ".PARNAMES" format definition file created by the QWDATA
program. Upon conversion to the RDB format, the parameter code is prefixed with a "P"
to form the RDB variable name; for example, P00430. As in the case of the ASCII data
file, a variable with one or more remarked values results in the creation of a remark vari-
able in the RDB file of the form P0O0430_R.

Some QWDATA data elements require the creation of a special class of parameter codes
not supported in the EPA parameter code system. These data elements, some of which are
numeric and others which are alphanumeric, are assigned five-character names, such as
STATE and HUNIT.

Parameter Code Conversion

Some of the alphanumeric parameter codes from the NWIS-I QWDATA system are con-
verted to alternate names and (or) data formats in the RDB file. For example, the 15-digit
LATLG variable contains latitude and longitude in degrees/minutes/seconds. This vari-
able is converted to two variables, DECLAT and DECLON, which are the latitude and
longitude decimal equivalents of degrees/minutes/seconds. The decimal form is required
in the QWGRAF "mapping" program. Thus, when a QWDATA format definition file is
encountered, NWIS-I variables are converted as shown in table D.4.

Table D.4. Conversion criteria for QWDATA alpha parameter codes

Format change

‘ame.__name hpe  (rom @
STAID STATION text(15)
SNAME STA_NAME text(50)
STATE STATE_CODE int
CNTYC CNTYCODE int SSCCC CCC
DATES BEGIN_DATE int YYYYMMDD YYMMDD
TIMES BEGIN_TIME int HHMM HHMMSSS
EDATE END_DATE int YYYYMMDD YYMMDD
ETIME END_TIME int HHMM HHMMSSS
LATLG DECLAT real DDMMSS DDD.DDDD

DECLON real DDDMMSS DDD.DDDD
AGNCY AGENCY int

ASRCE ANAL_SOURCE int
ASTAT ANAL_STATUS int
CTBDA C_DRAINAGE real

DISTR DIST_CODE int
GUNIT GEOL_UNIT int
HSTAT HYD_COND int
HUNIT HYD_UNIT int

LOCAL LOC_WELL_NO text(26)
MEDIM SAMP_MEDIUM int

SAMPL RECORD_NO int

SITEC SITE_TYPE int

STYPE SAMP_TYPE int
Mi X

The format definition file from the QWDATA program includes variable descriptions,
which are implemented as miscellaneous text identified by the <descr> keyword in the
RDB file.
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Data File Format
The QWDATA data file consists of a series of 10 character fields, one for each variable

retrieved from the QWDATA data base. The output file contains rounded numbers in the
format shown in table D.5.

Table D.5. Output format from QWDATA FLATOUT progran; for data in a QWDATA data file
identified with EPA parameter codes

Remark (1) - col. 1
Value (1) - cols. 2-10
Remark (2) - col. 11
Value (2) - cols. 12-20

R;amark N)
Value (N)

Some alpha parameter codes are exceptions to the above format (mainly text variables
that require more than 10 spaces) and therefore use multiple blocks of 10 spaces to hold
fields longer than 10 spaces. Table D.6 shows the format for alpha parameter code text
variables. Note that the first column in the first block of a multi-block set is always blank.

Table D.6. Output format from QWDATA FLATOUT program for alpha parameter code text

variables
LATLG Uses last 19 columns of two 10-space blocks; positions 3-9 contain the latitude and
positions 12-19 contain the longitude.
LOCAL Uses last 19 columns of two 10-space blocks.
SNAME Uses last 49 columns of five 10-space blocks.
Missing Values

The missing value indicator for QWDATA (-999999) is recognized and is converted to a
null field in the RDB file.

Remarked red) Dat

If remark codes are present in the data file, then an additional variable (one-character text
variable) is created in the RDB file for each real variable with at least one value remarked.
Each new variable will have the same root name as its corresponding data variable, but
it will have the variable name appended with the "_R" extension; for example,
P10010_R.

NWIS-| QWCARDS 1 and * CARDS to RDB

The NWIS-I QWCARDS program is used to transfer water-quality data from the
National Water-Quality Laboratory to the NWIS-I QWDATA system. The data are trans-
ferred in sets of card images. A set of card types (1, *, 5, 7, X, M, and #) contain the infor-
mation to describe each analysis record. Only the 1 and * cards are interpreted by the
filter (str2rdb operator) that converts this format to the RDB format.

The QWCARDS 1 and *-card format is discussed in detail in the USGS publication enti-
tled "NWIS National Water Information System, User’s Manual, Volume 2, Chapter 2.
Water-Quality System, p. 4-6 to 4-11."

File-Name Extensi

A data file that contains 1 and * cards must have the ".str" extension added to the file
name. There is no format definition file used with the QWCARDS 1 and *-card format.
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Data File (Card Type 1)
The Card Type 1 contains QWDATA header information in a fixed field format. Table D.7

shows how the fields are interpreted for conversion to RDB. Fields not indicated are
ignored.

Table D.7. Conversion criteria for 1 and * cards Card Type 1 fields

Column(s) QWDATA QWGRAF
2-16 STAID STATION
17 MEDIM SAMP_MEDIUM
18-23 DATES BEGIN_DATE
24-27 TIMES BEGIN_TIME
28-31 EDATE END_DATE (Note: month and day)
32-35 ETIME END_TIME
36-43 GUNIT GEOL_UNIT
44 ASTAT ANAL_STATUS
45 ASRCE ANAL_SOURCE
46 HSTAT HYD_COND
47 STYPE SAMP_TYPE
48 HYD_EVENT (No alpha code defined)
64-68 AGNCY AGENCY
ta Fi -Type *

Card-Type * contains the laboratory determinations for each of the parameter codes and
any associated qualifiers (remarks, quality assurance codes, laboratory method codes,
and precision codes). The filter captures only the remark code and laboratory method
code, which are the first and third elements in the qualifier list that follow the value. Table
D.8 shows a typical "1 and *" card format record.

Table D.8. Example of a single analysis in QWCARDS 1 and *-card format

101064140 98810180930 H9999 19 USGS
*P00010=11.700( :I: :3),P00020=14.000( :I: :2),P00025=760.000( :I: :3),
*P00027=1028.00( :I: :4),P00028=80020.0( :H: :5),P00060=415.00( :1: :3),
*P00076=3.200( :H:A:2),P00095=122.000( :I: :3),P00300=10.5000( :I: :3),
*P00400=7.100( :I: :2),P00403=7.6000( :H:A:3),P00410=26.000( :I. :2),
*P00452=0.00( :1: :2),P00453=29.000( :I: :2),P00608=.060( :H:B:3),
*P00610=.040( :H:B:3),P00613=.010(1:H:B:3),P00625=.600( :H:A:2),
*P00631=.100( :H:B:3),P00665=.040( :H:B:3),P00666=.040( :H:B:3),
*P00671=.020( :H:B:3),P00915=6.600( :H:D:2),P00925=1.100( :H:C:2),
*P00930=16.000( :H:C:2),P00935=1.300( :H:B:2),P00940=14.00( :H:E:2),
*P00945=13.000( :H:D:2),P00950=.100(1:H:B:2),P00955=3.100( :H:D:2),
*P01000=10.000(<:H:A:2),P01030=2.000(<:H: A:2),P01049=25.00(::A)

Remarked (Censored) Data

If remark codes are present in the "1 and *" card data file, then an additional variable
(one-character text variable) is created in the RDB file for each real variable with at least
one censored data value. Each new variable will have the same root name as its corre-
sponding data variable, but the variable name will be appended with the "_R" extension;
for example, P10010_R.

Fortran to RDB

ASCII files created by output format statements in Fortran programs are convertible to
RDB (ftr2rdb operator). The filter requires both a data file and a format definition file.

File-Name Extensions

The data file output from a Fortran program must have the " .ftr" file-name extension. The
format definition file must have the same root name and the ".ftv" file-name extension.
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Il. . !! I
Missing values in a ".ftr" file can be designated by any of the following indicators:
Wk Mmow om_wom w___non _0_ non _999999 " (leave quotes Off).

In the newly created RDB file, a missing value is indicated by a null field; that is, two
consecutive TAB markers.

Format Definition File
In general, the format of the ".ftv" file is similar to that of the ".dtv" file except that the
<delimiter> keyword is not supported. Another difference is that the first line in the
format definition file contains the Fortran style format statement used bf, the filter to
define the field location, field size, and data type of each variable. This line may be the
only line in the file or it can be followed by ".dtv" type format definition lines. If there

are no format definition lines, then the columns are named VAR0O1, VARO0O2 ...
VARNNN with their data types discerned from the Fortran format string.

Eormat String

The format string may contain any number of parentheticaily nested groups each with an
associated multiplier. The following fields are supported:

I - InteFer Value
- Rea

- Exponential Form of Real
- Floating Point Value

- Text Value

- Space

- Tab

- New Record.

An example ".ftv" file for a six column data file would be as follow:

2(2I3,F6.2)

VARI <dtype>int
VAR?2 <dtype>int
VAR3 <dtype>real
VAR4 <dtype>int
VARS <dtype>int
VARG <dtype>real.

The "/" field may be used to skip input records or to cause the logical input data record
to span multiple physical ingut records. For example, if the format statement in the pre-
vious ".ftv" file was changed to the following:

2(213,F6.2)/,
then every other record starting with record 2 would be skipped. Similarly, a format state-
ment of the following type:

2I3,F6.2/213,F6.2,

would cause two input records to be joined horizontally into a single output record.
R rk ensored) Dat

For censored data, the Fortran format statement must include an additional alpha field for
each variable that could be censored, for example,

12,A1,F6.1
STATE <dtype>int
SODIUM <dtype>real <rmk>.

The 12 field is used to parse STATE, the Al field is assumed to contain the remark code
for SODIUM, and the F6.1 field is used to parse SODIUM. Note that even though the
format specified for the remark code must precede the data format specifier, the position
of the remark code within the actual data record may be controlled by the use of the TAB
field. In the previous example, if the data record contained a two-digit integer followed by
a six-digit real with a trailing remark code, then the following format string could be used:

12,T9,A1,T3,F6.1.

The position of the "T9, A1" format relative to the "T3, F6.1" format in the string tells
the program to get the remark code from the field that follows the data value.

T QM
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Data File Format
The data file produced as output from a Fortran program is a fixed-format, space- delim-

ited ASCII file. It is important to retain the column alignment defined by the Fortran
format statement in the format definition file.

PSTAT (from QWDATA) to RDB

The PSTAT file output from the QWDATA system and the accompanying format defini-
tion file are convertible to RDB (pst2rdb operator). The remark code summary statistics
file is not utilized in the conversion.

The data file from the QWDATA PSTAT option does not have a specified file-name
extension. For use with the PSTAT to RDB filter the file name must have the ".pst" exten-
sion added to the root file name. The format definition file is initially created with the
extension, CMND, which must be changed to ".psv" for use with the filter. The resulting
file names would be of the form: my_file.pst and my_file.psv.

E t Definition Fil

The first line of the format definition file is ignored by the filter. The five fields indicated
on the second line represent the five alpha parameter codes—STAID, DATES, TIMES,
EDATE, and ETIME—from the NWIS-I QWDATA system. Upon conversion, these
variables, which represent the five fields on the header line of each analysis in the PSTAT
data file, are assigned the following variable names in the RDB file:

STATION, BEGIN_DATE, BEGIN_TIME, END_DATE, and END_TIME

The remaining lines of the format definition file consist of 80-character records that con-
tain five-digit EPA parameter codes (prefixed with a "P"), each separated by a space (not
a TAB). As with the ".qwd" filter, the parameter codes prefixed with a "P" constitute the
variable names assigned to the data columns in the RDB file; for example, PO0010.

Data File Format
The PSTAT data file consists of multiple analyses, each consisting of a header record and
one or more data records. The header record consists of five fields for the variables—
STATION, BEGIN_DATE, BEGIN_TIME, END_DATE, and END_TIME—as dis-
cussed above, with respective field lengths of 16, 8, 4, 8, 4 and space in between. Each
data record contains a maximum of eight fixed-length data value fields. The field length

is nine spaces and each field is preceded by a blank space. Table D.9 is an example of a
PSTAT format definition file and table D.10 is an example of a PSTAT data file.

Missing Values
Missing values in a PSTAT data file are indicated by a single dash (-).
Table D.9. Example of a PSTAT format definition file

BUILD file_name.pstP, FILE file_name.pst
VARS STATION.NUMBER:C DATE:C TIME:C END.DATE:C END.TIME:C
P00010 P00025 P00065 PO0076 POO080 PO009S5 PO0300 PO0301 PO0310

Table D.10. Example of a PSTAT data file
01408500 19940315 1115 - -

6.200 752.00 6.320 - - 72.00 10.400 85.069
1.500

01408500 19940623 1025 - -
20.00 758.00 3.350 - - 81.00 7.500 82.964
<1.0
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Remarked (Censored) Data

Remark codes in the PSTAT data file are placed to the left side of the value, not at the
beginning of the field (see last value in table D.10). If remark codes are present in the data
file, then an additional variable (one-character text variable) is created in the RDB file for
each real variable with at least one value remarked. Each remark variable will have the
same root name as its corresponding data variable but will have the name appended with
the "_R" extension; for example, POO010_R.

PSTAT Filter E i

The PSTAT output from the NWIS-I QWDATA system supports only five alpha param-
eter codes—STAID, DATES, TIMES, EDATE, and ETIME. The QWGRAF PSTAT
filter, however, supports all the alpha parameter codes defined by the QWDATA system
except ADDPC and CALCYV. Thus, the user has the option of editing a PSTAT file to
include data identified with other alpha codes. The variable names used in the output
RDB file use the same alpha code names used in the ".qwd" filter and are converted to
the appropriate format used in QWGRAF programs; for example, LATLG to DECLAT
and DECLON. Any values for text variables must be enclosed in quotes, whether the text
string has imbedded spaces or not.

Percentile Data for "boxplt" Program to RDB

The QWGRAF "boxplt" program reads an additional specially formatted file that con-
tains percentile values instead of observed values. This file contains text strings for use
as plot titles and axis labels, an indicator for the number of plots to be generated, and a
detection limit value to be applied to all variables.

An input data file with the percentile format must have the extension ".pct" appended to
the end of the file name; for example, myfile.pct.

Format Definiti i
The ".pct" file format does not require a format definition file.
File Format .
The format for an input data file that contains data as percentiles is as follow:
Line 1: Plot title, 1-72 characters beginning with first non-blank.
Line 2: X-axis title, 1-72 characters beginning with first non-blank.
Line 3: Y-axis title, 1-72 characters beginning with first non-blank.
Line 4: Number of Plots (N), integer from 1 to 25.
Line 5: Detection (reporting) limit, a real number.
In the current version of boxplot this value applies to all
variables.

Lines 6 - N+5:  One line for each variable. Line order represents plot order.
Columns 1-12 contain the label for variable to be diagrammed.

The remaining fields are for the statistics and are free format
except the numbers must be separated by at least one blank.
The first field after the label contains the number of

observations for this variable from the original data file.
This number is also used as a label.

The next five fields contain the values that correspond to the
P10, P25, P50, P75, and P90 percentiles. The P10 and P90
fields are optional and can be replaced with a single dash (-).

The final field, also optional, is used for the arithmetic mean
of the observations. It is not necessary to use a single dash
if the mean is missing.
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APPENDIX E. Data Format Conversion Macros and RDB
Operators

1. RDB Files from Third Party Packages

RDB from Description: There is no macro or RDB operator involved here, just a process to create
Spread the RDB file definition within a spreadsheet file.
preaa-

sheets Example: Using the spreadsheet cells, do the following:

1. Put 0 or more rows at the top as comments starting with a pound (#) sign.
2. Add arow of RDB column names.

3. Add arow of RDB column definitions.

4

Add 0 or more rows of data. (Do not worry about delimiters here, just
use Tactician cells. RDB Tab delimiters will be specified in the "Save
As" function.)

Pull down the "File" menu and select "Save As ...."
Change "Save File of Type" to "Delimited File."
Click on "OK."

Edit the pathname to save the file, if necessary.
Make sure delimiter is "Tab" and click on "OK."

© N o W

k sk ok ok %k %k 3k 3k %k k 3k k X

RDB from Description: The Statit macro, tblwrite, takes the resident file in Statit and outputs it to
i an RDB file.
Statit

Syntax: tblwrite output.rdb variable list

II. Standard RDB Operators for Data Format Conversions

The following RDB operators are not utilized by the QWGRAF programs, but can be
used in command line mode to create RDB files from the source file types indicated.

2TABS Description: Converts an ASCII file with columns separated by delimiters other than
TABS to an RDB tab-delimited file. The output file must be edited to add the RDB header
lines describing the column names (linel) and the column type, width, and justification
(line 2).

Syntax: 2tabs <input_file [options] >output_file.rdb

Options:
-8 Data columns separated by single space.
-88 Data columns separated by two or more spaces.
-d "x" Data columns separated by delimiter text identified within

the double quotes.

k k ok %k %k k 3k 3k Xk k ¥ k 3k
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F2TBL Description: Reads data using a FORTRAN-style format string. The format string is
specified using the -format option. Column names may also be specified using the
-names option.

Syntax: f2tbl [options] <input_file >output_file.rdb

Example:
f2tbl -f "x, al$, i4, 2i2, 87" \
-names stn year month seq v1v2 v3 v4 v5 v6 v7 v8 \
<myfile >myfile.rdb

Options (abbreviations are in parentheses):

-(fiormat "string" FORTRAN format string
Field types-n, N, f,F,e,E, g, G, 1,1
Skip option - x, x2, 3x6, x8, 4x8
Tab option - t, t4, T4, T15, 3T15
Skip line option - /

Definitions and control options can be grouped
using parentheses and the groups can be repeated
by preceding them with a number.

-names list List of column names.

-pattern "reg exp" When reading files with f2tbl, lines can be filtered
using a regular expression specified with the
-pattern option. The expression between the
delimiters (" ") can be simple text strings or more
complex patterns can be specified using the fuil
range of meta characters with regular expressions.

-missing Specify a pattern used to recognize missing values.
If the missing option is used, then any data values,
regardless of type, that match the pattern are
converted to missing values; that is, null values
(two consecutive TAB markers).

If the pattern begins and ends with a "/," then the
text between the slashes matches values containing
that substring. Without the slashes the pattern string
must match the entire value being compared.

k %k %k 3k sk k k %k Kk 3k k 3k

TSQL Description: Converts an Ingres table to an RDB file.
Syntax: tsql databasename -rdb -table tablename >outputfile.rdb

k %k 3k k sk k %k 3k k k k 3k k

III. RDB Operators for Data Format Conversions

With the exception of the "rdb2dta" operator, the following data format conversion
filters—implemented as RDB operators—are utilized by the QWGRAF programs to
convert other data formats to the RDB format used internally by all QWGRAF programs.
The filters are invoked automatically when a QWGRAF program recognizes a three-
character extension at the end of the file name. The descriptions below are intended to
supplement the functional information given in the main text of this report and to describe
the syntax used in command line mode of RDB and the various scripting languages. See
the section entitled "Conversion of Other Data to RDB" for detailed discussion of the
various data and format definition files recognized by QWGRAF.
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RDB2DTA Description: Although most data conversion operations conducted by users of the

DTA2RDB

QWGRAF programs involve getting data converted to RDB, there may be an occasional
need to convert an RDB file to ASCII form. The "rdb2dta" filter is not formally available
within QWGRAF programs (including "datmgr") at the present time; however, it is avail-
able in command line mode as an RDB operator.

Syntax: rdb2dta <infile outfile -dlm [options] -fw [X]

Arguments:
input file The source file, which is read from STDIN, must be
preceded by the "<" sign.
output file The output file is written to STDOUT and does

NOT require the file name to be preceded by the ">"
sign. A ".dtv" (format definition file) with the same
root name will also be created.

-dlm [options] The following options are available for the "-dIm"
delimiter option:
-dlm space
-dim tab
-dlm x ("x" may be any ASCII character)
-fw [X] "-fw" is the field width of numeric variables. The

default value for "X" is 12.
Example: rdb2dta <myfilerdb myfile.dta -dlm * -fw 16

* %k % k k k k k * k k k >k

Description: The ".dta" format applies to files that are essentially rows and columns of
data as ASCII characters. These files, which can be read with any text editor, contain no
header records or other self-defining information. All fields are considered to be numeric
(floating point) and are separated by at least one space. In the absence of a format defini-
tion file, all variables in the resultant RDB file are assigned generic names such as
VARO1, VARO2 ... VARnn. For each column containing at least one remarked (censored)
data value, an additional variable will be created in the RDB file by appending "_R" to
the variable name; for example, VARO1_R. Missing values in the ".dta" file may be indi-
cated by any of the following:

"o n " . " " - L " —_ " " —— " " _O_ " " _999999 "

If the file is accompanied by a format definition file (same file name but appended with

the extension ".dtv"), then several options are available to the user to impart special char-
acteristics to each variable. The rows in the format definition file represent in sequential
order each variable in the data file. The columns in the format definition file consist of the
name of the variable in the first field (12 characters or less) followed by zero or more key-
words and keyword arguments. Keywords must be enclosed in "< >" characters. The fol-
lowing keywords are available.

Keywords:

<delimiter> - Unlike the other keywords, the <delimiter> keyword
applies to the file as a whole and therefore is placed on the
first line of the format definition file. The <delimiter>
keyword provides for specifying the delimiter between
the columns in the input data file. The following
delimiters are supported.

<delimiter> space
<delimiter> tab
<delimiter> any single character

Note: "any single character" means any single printable
Character, such as n*n’ NI", n&n’ n.n, n_n, n\n’ etc.
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<dtype> - This keyword defines the data type to be assigned to the
variable. The following data types are supported:

<dtype> int
<dtype> real
<dtype> double
<dtype> text(x)

Note: Text variables with embedded blanks must be
enclosed in double quotes. The "x" in the "text" data type
indicates the maximum width of the text variable.

<rmk> - Ifadata file is accompanied by a format definition file but
the <rmk> keyword is NOT present for a given variable,
then the system assumes that the corresponding column in
the data file does not have any remarked data even if the
data are actually remarked. The presence of this keyword
tells the system that if the corresponding column in the
data file has at least one remarked value, then a remark
variable is to be created in the RDB file for this variable.
The form of the remark variable name consists of the data
variable name appended with "_R"; for example,
calcium_R. The <rmk> keyword has no arguments.

<rmk>

<descr> - The <descr> keyword provides for adding miscellaneous
text as a descriptor of the variable. This text does not need
to be enclosed in quotes and has no functionality within
the QWGRAF programs.

<descr> Calcium, water, filtered, mg/l

<perl> - The <perl> keyword provides for the definition of new
variables to be added to the RDB file. A new variable is
created using the algorithm which follows the <perl>
keyword. The algorithm can use the values from any of
the other variables in the input data file. In the algorithm,
all variable names must begin with the "$" sign. The
algorithm syntax mimics the Perl scripting language,
which in turn utilizes RDB functions. For a discussion of
this syntax please refer to the discussion of the "perltbl"
operator later in this appendix. See also the textbook
Programming Perl (Wall and Schwartz, 1991).

<perl> $ca_meq = SCALCIUM * 0.04990

<perl> $DISCH_LOG = &log10($DISCH)

Note: In the above example the "log10" function is
preceded by the "&" sign, which means it is not a standard
RDB function and was created for use in the local
implementation of RDB.

The command line syntax does not require including the format definition file name on
the command line as the operator looks for the same root file name with the ".dtv" exten-
sion. The ".rdb" extension for the output RDB file is also optional in command line mode.

Syntax: dta2rdb input_file >output_file
Example: dta2rdb myfile.dta >myfile.rdb

%k %k % %k %k %k % % % %k %k %k %k
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QWD2RDB Description: The NWIS-I QWDATA system provides an option for producing an ASCII

STR2RDB

PST2RDB

FTN2RDB

output file for use in applications not integrated with the QWDATA system. The output
file is accompanied by a format definition file (".PARN AMES" file-name extension must
be changed to ".qwv") similar in function to the ".dtv" format definition file used with a
".dta" file. The "qwd2rdb" filter reads these files and converts the format to the RDB
format used by QWGRAF programs. In command line mode the use of the ".rdb" exten-
sion for the output RDB file name is optional.

Syntax: qwd2rdb input file >output file [rmk_switch]
Arguments:

rmk_switch - The following options are available to specify how
remarked (censored) data are to be handled.

-xr- Exclude remark codes from output file

-ir- Include remark codes as separate variables

-fr- Flag remarked variables as missing
Example: qwd2rdb myfile.qwd >myfile.rdb -xr

% %k sk %k %k sk ok sk sk ok ok k 3k

Description: The "str2rdb" operator converts files with the 1 and *-card format used in
the N VSIS-I system to RDB. Only the Type 1 and Type * cards are sug})orted. This format
does not provide for the use of an accompanying ormat definition file. The file-name
extension used with the 1 and *-card files is ".str." In command line mode the ".rdb"
extension for the output RDB file is optional.

Syntax: str2rdb input_file >output_file
Example: str2rdb myfile.str >myfile.rdb

k %k %k 3k k %k 3k k k %k 3k k

Description: The "pst2rdb” olperator converts files created in the PSTAT format by the
PSTAT option in the NWIS-I QWDATA system to RDB. The output from this option
does include a format definition file. The data file must have the ".pst" extension added
to the root file name and the format definition file name must have the ".CMND" exten-
sion replaced with the ".psv" extension. The command line syntax does not require
including the format definition file name on the command line as the operator looks for
the same root file name with the ".psv" extension. The ".rdb" extension for the output
RDB file is also optional in command line mode.

Syntax: pst2rdb input_file >output_file
Example: pst2rdb myfile.pst >myfile.rdb

k sk 3k %k sk ok ok ok ok ok ok ok ok

Description: The "ftn2rdb" operator converts files created by Fortran programs using
Fortran formatting lines to RDB. The output file from this process is an ASCII file similar
to a ".dta" file with spaces as the delimiter. Thus, this file type can be associated with a
format definition file which is exactly the same as the ".dtv" format definition file except
for the inclusion of the Fortran formatting statement on the first line of the file. The filter
then sets data types based on this format string. The "delimiter” function is not supported.
If the formatting line is the only line in the file, then the variables are assigned generic
names of the form: VARO1 VARO02 VARO3 ... VARnn. Otherwise, the format definition
file has the same potential functionality as the ".dtv" format definition file; that is, vari-
able names, data types, and keywords.

The command line syntax does not require including the format definition file name on
the command line as the operator looks for the same root file name with the " ftv" exten-
sion. The ".rdb" extension for the output RDB file is also optional in command line mode.

Syntax: ftn2rdb input_file >output_file
Example: ftn2rdb myfile.ftn >myfile.rdb
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APPENDIX F. RDB Operators

SORTTBL

COLUMN

The RDB operators described below are used by the QWGRAF programs to perform the
indicated modifications of the data in the input data file. The purpose of the descriptions
given here is to supplement the functional information given in the main text of this
report and to describe the syntax to use these operators in regular command line of RDB
and the various scripting languages. The QWGRAF interface incorporates the indicated
options available with each operator.

Description: The "sorttbl" operator sorts a data file by one or more columns. Each column

can be sorted in ascending or descending order using the "-r" option
Syntax: sorttbl [options] [-r] column [[-r] column] ... < input file

Options (abbreviations are in parentheses):

-C Check that the RDB file is sorted on the selected columns. Give
no output unless the file is out of sort.

-(h)elp  Print this "help" information.
-T Descending order. Applies to the column following only.

-u Retain only those rows that have a unique set of values for the
indicated key columns; that is, remove replicate rows.

Example: sorttbl COUNT -r TYP < sample

Explanation: Sort the file "sample" first by column "COUNT" in ascending
order and then by column "TYP" in descending order.

k % %k 3k k sk sk k % * 3k k %k

Description: The "column" operator selects (subsets) columns (variables) by ordered
name and outputs an RDB file with these columns. This can be used effectively to select,
order, add, delete, or duplicate columns.

Syntax: column [options] list
Options (abbreviations are in parentheses):

-(e)dit  Edit option used by "etbl" operator (not a QWGRAF function).
-(h)elp  Print this "help" information.

-v Inverse option. Selects all columns except those named in "list.

The "list" argument is normally a list of column names.

If "list" contains a name in a triplicate of the form "-c NAME NEWNAME," then the
column name specified in the input RDB file as NAME will be changed to "NEWNAME"
in the output RDB file.

Note: The above name change function is handled in the "Modify" function in "datmgr."

If "list" contains a name in a triplicate of the form "-a NAME DEFN," then a new (null)
column is added to the output RDB file at that point in the output name list. It will be
assigned the name "NAME?" and the definition will be indicated in the "DEFN" field; for
example, 12N.

Note: The above name change function is handled in the "Create" function in "datmgr."

Example: column STATID DATE STCODE -c HCO3 BICARBONATE
SODIUM

k 3k k % 3k kx k k kx k k k *k
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COMPCOL Description: The "compcol"” operator selects columns by name and order and outputs an
RDB file with just these columns. This operator can be used to select, order, add, delete,
or duplicate columns.

The operator "compcol" is essentially the same as the RDB "column" operator except that
null fields for newly defined columns can be populated with computed data values. With
the "column"” operator, new variables can be defined, but the data fields are "null" fields
requiring them to be populated externally with an editor. The "datmgr" program in
QWGRAF provides for the creation of an RDB file similar to the type created with the
"column" operator, except that the algorithm to compute the actual data values is stored
in the optional documentation area of the second header line in the RDB data file, an RDB
extension created for QWGRAF. The operator "compcol” evaluates all computed vari-
ables and outputs a file containing the computed values. The output file does not contain
the algorithm definition as there is no point in keeping it once the values are computed.
The user has the option to overwrite the original file or create a new file.

Below is an example of an RDB file configured by "datmgr" for input to "compcol.” The
columns "Na" and "K" are populated, but the column "Na_K" is only defined; that is,
there are no data for this column in the data rows. Note, in the output file the data field
for "NA_K" is populated and the algorithm definition is no longer stored.

Syntax: compcol [options] list <input_file >output file

Options (abbreviations are in parentheses):

-(e)dit Edit option. Used by "etbl.”

-(h)elp Print this "help" information.

-v Inverse option. Selects all columns except those
named.

-a aName aType Add a column name "aName" with type "aType."
-c oldname newname Change name of a column.
Example: compcol <input.tbl >output.tbl
# input file
#
Na K NA_K
8N 8N 8N <perl>$Na_K = $Na + $K <\perl>

150 18.0
170 197
166 184
# output file
#

Na K NA_K
8N 8N 8N
150 18.0 33.0
170 197 36.7
166 184 35.0

Explanation: The original file had two variables—"Na" and "K"—plus a
definition for a third variable—"Na_K." The output file will have
three variables—"Na", "K", and "NA_K." The algorithm to
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compute the new variable is included (via editor or by the
QWGRAF datmgr program) to the right of the column definition
for the "Na_K" variable. Note the syntax relative to the <perl> and
<\perl> delimiters. Multiple statements can be included between
these delimiters, including IF/THEN/ELSE clauses. RDB variable
names must have the prefix "$."

The value "list" in the syntax is normally a list of column names.
If "list" contains a triplicate of the form "-c NAME NEW," then
column name "NAME" will be changed to "NEW." If "list"
contains a triplicate of the form "-a NAME DEFN," then a new
null (empty) column is added to the data set, with name "NAME"
and column definition "DEFN." An algorithm (preceded by a
space) can follow the "DEFN" in which case the actual data values
will be computed for the output file.

Example: compcol NAME COUNT <sample >new_sample

Explanation: Select from the data set "sample" all observations in columns
named "NAME" and "COUNT." Output result to "new_sample."

Example: compcol -a LENGTH 10 <sample >new_sample

Explanation: Add a new column named "LENGTH" with a size of 10 to the data
set called "sample." If an algorithm is specified for computing this
variable, then the computations are done prior to outputting to the
new file "new_sample."”

% sk 3k %k 3k 3k sk k 3k sk k 3k 3k

MODCOL  Description: The "modcol” operator changes the attributes of a column in an RDB file.
This operator is used for the "Modify" function in the QWGRAF "datmgr" program. The
column attributes that can be changed with "modcol" include the variable name, the stan-
dard RDB attributes for data type and field length, for example 8N, and the keyword
attributes implemented as RDB file extensions in the QWGRAF system, that is <dtype>,
<descr>, and <peri>.

Syntax: modcol <input_file >output_file oldname=[newname] [, newattri]...

Example: modcol <in.rdb >out.rdb V1=DATE V2=TIME, ’8N <dtype>real’
V3=, '8N <dtype>int’

Explanation: Changes the name of column V1 to DATE, the name of column
V2 to TIME and its type to real. The name of column V3 remains
unchanged, but its type is changed to integer. Note the use of
single quotes in the attribute descriptions. Quotes are required to
enclose the inclusive attribute descriptions for a given column
because each attribute description (meta data) is followed and
preceded by one or more blanks.

% sk sk sk ok ok ok ok ok ok ok ok ok
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JOINTBL  Description: The "jointbl" operator provides for relational joins—Natural, One to One,
Master/Detail, or Cartesian—of two or more RDB data files based on specified columns.

Natural - The output file from the two joined in}ﬂlt files will contain one record for
each pair of matching records in the input files. Records from either input file may
contribute to multiple matches in the other file.

One to One - The output file will contain one record for each pair of matching
records in the input files. Each input record, however, may contribute to only one
match.

Master/Detail - Every record from file 1 is included in the output file. If there is
no corresponding match in file 2 for a given record, then the variables from the
second file in the output record are set to missing.

Cartesian - Every record from each file is included in the output file. If there is no
corresponding match in the other file, then the variables from the other file are set
to missing.

The -fill option can be used to request that rows without matching cases be included, but
does not request cartesian product.

File joins can be based on different column names in the two RDB files by using the
[=col.name] option.

The order of columns in the output RDB file will be (1) the join columns from the RDB
gle__l, (2) the other columns from RDB file_1, then (3) the other columns from RDB
le_2.

Syntax: jointbl [options] <file_1 col.name[=col.name_2] ... file 2
Options (abbreviations are in parentheses):

-c Do a cartesian cross-product join.
-(h)elp  Print this "help"” information.
-md Do a "Master/Detail" join rather than a natural join.

-1tol Do a one-to-one join. If duplicate key values are found in the
two files, then rows are matched in order of occurrence.

-fill 1 Fill in null values for variables from file 2 if no match for row in
file 1.

fill 2 Fill in null values for variables from file 1 if no match for row in
file 2 (implied by -md or -c).

-fill Fill in with null values for unmatched rows.
Examples:

RDB file named sample:
name nr typ amt
6 2 4 4
Bush 1 A 133
Bush 2 A 134
Hansen 3 A 143
Hobbs 4 B 144
Hobbs S B 144
Jones 6 C 155
Perry 7 D 244
Perry 8 D 311
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RDB file named sample;j2:
name cnt typ amt
6 SN 4 5N

Hobbs 41 A 141
Hobbs 42 BB 142
Hobbs 51 BB 144
Hobbs 43 CC 143

The command to do a natural join of samplej and samplej2 on column
name is as follow:

jointbl <samplej name samplej2

and the result is shown in table F.1.

Table F.1. Natural join of rdb files samplej and samplej2

name nr typ amt cnt typ amt
6 2 4 4 5N 4 5N

Hobbs 4 B 144 41 A 141
Hobbs 4 B 144 42 BB 142
Hobbs 4 B 144 51 BB 144
Hobbs 4 B 144 43 CcC 143
Hobbs 5 B 144 41 A 141
Hobbs 5 B 144 42 BB 142
Hobbs 5 B 144 51 BB 144
Hobbs 5 B 144 43 CC 143

The command to do a "master-detail" join of the same two rdb files on
column name is as follow:

jointbl -md <samplej name samplej2

and the result is shown in table F.2.

Table F.2. Master-detail join of rdb files samplej and samplej2

name nr typ amt cnt typ amt
6 2 4 4 5N 4 5N

Bush 1 A 133

Bush 2 A 134

Hansen 3 A 143

Hobbs 4 B 144 41 A 141
Hobbs 4 B 144 42 BB 142
Hobbs 4 B 144 51 BB 144
Hobbs 4 B 144 43 CccC 143
Hobbs 5 B 144 41 A 141
Hobbs 5 B 144 42 BB 142
Hobbs 5 B 144 51 BB 144
Hobbs 5 B 144 43 CcC 143
Jones 6 C 155

Perry 7 D 244

Perry 8 D 311

246 User's Manual for QWGRAF, Computer Programs for Water-Quality Graphics



SUBTBL

Using the original two files, the command to do a one-to-one join is as
follow:

jointbl -1tol <samplej name samplej2

and the results are shown in table F.3.

Table F.3. One-to-one join of rdb files samplej and samplej2

name  nr typ amt cnt typ amt
6 2 4 4 5N 4 5N

Hobbs 4 B 144 41 A 141
Hobbs 5 B 144 42 BB 142

The command to do a one-to-one join with fill is as follow:
jointbl -1tol -fill <samplej name samplej2
and the result is shown in table F.4.

Table F.4. One-to-one join of rdb files samplej and samplej2 with fill

name nr typ amt cnt typ amt
6 2 4 4 5N 4 5N

Bush 1 A 133

Bush 2 A 134

Hansen 3 A 143

Hobbs 4 B 144 41 A 141
Hobbs 5 B 144 42 BB 142
Hobbs 51 BB 144
Hobbs 43 CcC 143
Jones 6 Cc 155

Perry 7 D 244

Perry 8 D 311

k %k ok ok ok ok ok Kk k ok >k k 3k

Description: The "subtbl" operator writes to an output file only those rows from the first
of two designated input files based on a "no match" between the (Key) column(s) speci-

fied. The designated key columns between the two input files need not have the same

name.

Note: The two RDB files must be sorted on the key columns in order for a subtract oper-

ation to function correctly.
Syntax: subtbl <rdbfile_1 column[=column_2] ... rdbfile_2
Options (abbreviations are in parentheses):

-(h)elp  Print this "help" information.

-m Use all matching column names. Both files must be sorted on the
matching names in the order that they appear in the "rdbfile_1"

Example: subtbl <file_a cost=price file_b file_c
Explanation: Exclude all rows from file_a in the output file, "file_c," where the
value of "cost" in "file_a" is equal to the value of "price" in

"file_b"; that is, only those rows from "file_a" that do not have a
match are written to "file_c."

* %k 3k k k %k k Kk % ok %k *k 3k

APPENDIX F. RDB Operators 247



CATTBL Description: The "cattbl" operator concatenates two or more files vertically, copying all
column names or just those columns common to all files to the output file (standard out-
put). In command line mode, the syntax permits any number of files to be concatenated
imna sm%lﬁ step, while the "datmgr"” program permits onl{ two files to be concatenated at
a time. Thus, the use of the "-pattern” option to select all files with common text in file
names is not permitted in "datmgr."

Syntax: cattbl [options] filel file2 ...
Options (abbreviations are in parentheses):
-I(able)l Create an additional variable in the output

file, named "name," that contains the name of
the file from which that particular row comes

from.
-p(attern) reg expression  Use files that match the regular expression.
-m(etal) Only use the column definition information

from the first occurrence of a column name
(in the first file read) in constructing the
column characteristics of acolumn appearing
in the output file. This option is turned on in
"datmgr" and cannot be turned off. If this
option is not specified in command line
mode, then all column information for all
occurrences of a given column name are
combined together.

-u(nion) Copy all column names which appear in all
input files. If a column name in one file is not
matched with a column name in another file,
then the rows in the file not having the
column name are populated as "missing”.

-inter(sect) Copi' only the column name which appears
in all input files.

Example: cattbl -l source -i apples oranges

k 3k %k k k k 3k %k k 3k 3k k k

PERLTBL Description: Similar to the "compute" operator, except that "perltbl" uses the Perl script-
ing language, while "compute" uses the Python language. The "perltbl" operator pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>